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. Accordingly, it is an object of the present invention

1
PROPULSION SYSTEM

2

to provide an. lmproved liquid or ﬂllld fueled rocket

N pmpulsmn system.

BACKGROUND OF THE INVENTION
- 1. Field of the Invention

This invention' relates to liquid rocket prc-pulsmn-

systems and is particularly directed. to liquid rocket

propulsion - systems fcr spm-stablhzed and’ cther small |

vehicles.
2. Dcscrlpttcn of the Prior Art

10

Liquid’ or ﬂuld fueled rocket engines have been
known fcr mary years and have been the primary pro-

pulsion system for v1rtually all of the world’s explora-
tion of space. In fact, in any rocket program which

requires hrgh performance and low weight, liquid or

fluid-fueled rockets have been preferred over solid

rockets. Furthermore, 11qu1d rockets may be started and

stcpped substantially as desired, whereas solid rockets
are usually.one-shot devices. On the other hand, liquid
rockets are, tnherently, much more bulky than solid
rockets. Consequently, where size is an important fac-
tor, solid rockets are often preferred. For military. pur-
poses, size is often a major,consideration since problems
of deployment and concealment are directly related to
size.. Moreover, for those rockets which are intended
for. .missions: that are conducted primarily within the
earth’s atmosphere, increases in size usually cause in-
creases in frontal area and, hence, increase drag and
decrease performance. Therefore, solid rockets have
usually been preferred for military purposes. - |

‘An additional disadvantage of liquid or fluid-fueled

rockets has been complexity. Storage tanks are required
for the fuel and some means, such'as pressurization, a
positive expulsion mechanism or the like, has been
needed to deliver the fuel from the storage tanks to the
thrust chamber. Frequently, high performance pumps,
sophisticated valves and elaborate plumbing ‘are re-
quired for such fuel delivery' systems. Obwcusly, this
adds to the weight and bulk of the 11qu1d rocket propul-
sron system.

BRIEF SUMMARY AND OBJECTS OF THE
INVENTION - :

" These dlsadvantages of the prior art are overcome
with the present invention and a liquid rocket propul-
sion system is provided which is simple, compact and

light in weight. Moreover, the propulsion system of the

present invention is useful with either monopropellant

of bipropellant fuels. The propulsion system of the pres-
“ent invention is uniquely valuable in spin-stabilized
vehicles, since it utilizes the spin forces to deliver the
fuel from the storage tanks to the thrust chamber, re-
gardless of vehicle attitude or *“g” forces.

The advantages of the present invention are prefera-
bly attained by providing a liquid or fluid-fueled rocket
engine having a thrust chamber, a differential area pis-
ton dividing said thrust chamber into a charging cham-
ber and a combustion chamber, fuel storage means,
means utilizing the spin fcrces of the vehicle or a pro-
pellant expulsion- system for delwermg fuel from said
fuel storage means to said charging chamber, means for
dellvcnng fuel ata predetermmed rate from said charg-
ing chamber to sau:l ccmbustlcn chamber and means for
initiating’ mcvement of said piston to drive fuel from
said chargmg chamber to sald combustlcn chamber
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~Another object of the present 1nvent10n is to provide
a liquid or fluid-fueled rocket propulsion system which
is simple, compact and light in weight. .

A further object of the present invention is to provide
a liquid or fluid-fueled rocket propulsion system includ-
ing means utilizing the spin forces of the.vehicle for
delivering fuel to the thrust chamber of the rocket.

A Specrﬁc object of the present invention is to. prc-
vide a hquld or fluid-fueled rocket propulsron system
comprising a thrust chamber, a differential area piston
dividing said thrust chamber into a charging chamber
and a combustion chamber, fuel storage means, means
utilizing the spin forces of the vehicle or a prcpellant
expulsion system for delivering fuel from said fuel stor-
age means to said charging chamber, means for deliver-
ing fuel at a predetermined rate from said charging
chamber to said combustion chamber, and means for
Initiating movement of said piston to drive fuel from
said charging chamber to said combustion chamber.

These and other objects and features of the present
invention will be apparent from the following detailed
description, taken with reference to the accompanying

- drawing.
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"BRIEF DESCRIPTION OF THE DRAWING

In the Drawmg -

FIG. 1 is a diagrammatic representation of a rocket
propulsion system embcdymg the present invention;
and’ :

FIG. 2 1s a vertical section thrcugh the thrust cham-
ber of the propulsion system of FIG. 1.

" DETAILED DESCRIPTION OF THE
- INVENTION .

In that form of the present invention chosen for pur-
poses of illustration, FIG. 1 shows a rocket propulsion
system, indicated generally at 2, for a vehicle, indicated
generally at 4. The vehicle 4 may be spin-stabilized by

- rotation, represented by arrow 6, about the longitudinal
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axis of the vehicle 4, indicated by broken line 8. One or
more propellant stcrage tanks 10 are mounted concen-
tric with the vehicle axis 8. As shown, the system is a
bipropellant system and, hence, includes an oxidizer
tank 12 and a fuel tank 13. In a monopropellant system,

only a single tank would be required. The tanks 10 may

be substantially any desired configuration, but are de-
signed to have outlet means 14 provided at their circum-

~ ferential extremity. In this way, the rotation of the vehi-

63

cle ‘4 which prcv1des the spin-stabilization will also
create ccntrlfugal forces in the propellant which can be
utilized to expel the propellant from the tanks 10. The
propellant may normally be retained in the tanks 10 by
smtable retaining means, such as burst diaphragms 16
until the centrifugal forces in the prcpellant exceed the
limits of the burst dlaphragm 16. After release by burst
diaphragms 16, or the like, the propellant is delivered by
centrifugal force and/or pressure through suitable con-
duits 18 to a thrust chamber 20. The rate of flow of the
propellant to the thrust chamber 20 may be regulated by

check valves 22 or the like.

The thrust chamber 20 is best seen in FIG. 2 and
comprises a hollow body 24 having an interior which is
divided by a differential area piston 26 into a charging
chamber 28 and a. combustion chamber 30. The surface

27 of prstcn 26 facmg combustion chamber 30 is approx-
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imately twice the surface 29 of piston 26 facing charg-
ing chamber 28. The combustion chamber 30 communi-

cates with the exterior via nozzle 34 and throat 32. The

piston 26 is generally cup- shaped and IS shdably move—
able along a plunger 36. '- |

At its rearward extremity, the plston 26 is prowded
with a peripheral flange 38, which projects outwardly
from the rear end of piston 26 and engages an abutment
40 to limit the forward movement of the piston 26. As
shown, the sidewall 42 of the piston 26 is integral and
the piston 26 is provided with a peripheral lip 44, which
defines an annular chamber 46 between the interior wall
of the thrust chamber 20 and the exterior wall of piston
26. Passageways 48 and 50 extend through the face of
the piston 26 and suitable valve means 49 and 51 are
mounted therein to permit regulated flow of fluid there-
through. Passageways 48 communicate the annular
chamber 28 with the combustion chamber 30, while
passageways S0 communicate the charging chamber 46
with the combustion chamber 30. If desired, suitable
means, such as check valves may be provided in the
passageways 48 and 50 to further regulate fluid flow
therethrough. For a bipropellant system, passageways
52 are provided to deliver oxidizer through plunger 36
to the charging chamber 28, while passageways 54 are
provided to deliver fuel into the annular chamber 46.

In order to initiate operation of the propulsion system
of the present invention, a storage tank 56 is provided as
seen in FIG. 1, and is filled with pressurized gas. The
storage tank 56 is connected through a suitable electri-
cally actuable valve 58 and conduit 60 to an annular
recess 62 formed in the face of abutment 40.

In operation, rotation of the vehicle 4 by the spin-
stabilization system creates centrifugal force in the oxi-
dizer and fuel fluids contained in tanks 12 and 13, re-
spectively. The centrifugal force drives these fluids
through the retaining means 16, conduits 18 and check
valves 22. As shown in FIG. 2, the oxidizer is delivered
‘through conduits 52 in plunger 36 to the charging
chamber 28 within piston 26, while the fuel is delivered
through conduits 54 to the annular chamber 46. Since
the fuel and oxidizer fluids are under pressure, or cen-
trifugal force, they serve to drive piston 26 forwardly
until flange 38 engages abutment 40. When the operator
desires to fire the propulsion system, he actuates the
electrically operated valve §8, which allows pressurized
gas from tank 56 to be delivered through conduit 60 to
the recess 62 in abutment 40. The gas from tank 56 must
have sufficient pressure to initiate rearward movement
of piston 26. As piston 26 moves rearward, the fluid

oxidizer in charging chamber 28 begins to flow through
passageways 48 into the combustion chamber 30. At the
same time, the fluid in the annular chamber 46, begins to

flow through passageways 50 into the combustion

chamber 30. Preferably, the oxidizer and fuel are hyper-

golic and will ignite spontaneously upon ejection into
the combustion chamber 30. The burning of the oxidizer
and fuel creates forces within the combustion chamber
30 which accelerate the rearward movement of piston
26 and, hence, continue the flow of oxidizer and fuel,
until piston 26 reaches the rearward limit of its move-
ment. When this limit is reached, the fuel and oxidizer
will no longer be forced to flow through piston 26 into
the combustion chamber 30. As a result, the combustion
will cease; whereupon centrlfugal force will cause the
oxidizer and fuel to again be delivered from the storage
tanks 10 to the charging chamber 28 and annular cham-
ber 46 to drive piston 26 forwardly in ‘preparation for a
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subsequent firing. If the fuel and oxidizer are not hyper-

‘golic, suitable ignition means may be provided, as indi-
- cated at 64.

It will be seen that the rate of flow of fluid from the
storage tanks 10 to the charging chamber 28 and annu-

lar chamber 46 will be a function of the pressure in tanks

10, the centrifugal force or pressure developed in the
fluids, by rotation of the vehicle 4 by the spin-stabiliza-
tion system and the action of the check valves 22. The
firing pulse shape produced by the thrust chamber 20
will be a function of the diameter of nozzle 32, the

_differential area of faces 27 and 29 of the piston 26 and

the diameters of the passageways 48 and 50. As seen in
FIG. 1, the thrust chamber 20 is oriented to fire radially
of the vehicle 4. However, it will be obvious to those

skilled in the art that the thrust chamber 20 may be
oriented substantially as desired without effecting the
operation of the propulsion system of the present inven-

tion. The propulsion system of the present invention has

been described as utilizing the centrifugal forces devel-
oped by the spin-stabilization system to deliver oxidizer
and fuel from the storage tanks 10 to the thrust cham-
ber. This makes it possible to greatly reduce the weight,
complexity and cost of a liquid or fluid fueled rocket

propulsion system, while retaining the performance and
multlple-ﬁrmg capability of such systems. On the other
hand, it will be apparent to those skilled in the art that
pressure-powered fuel delivery systems will be advanta-

geous in non-rotating vehicles.

In addition, numerous other variations and meodifica-
tions may obviously be made without departing from
the present invention. Accordingly, it should be clearly
understood that the forms of the present invention de-
scribed above and shown in the accompanying drawing
are illustrative only and are not intended to limit the
scope of the present mventlon |

What is claimed is:

1. A fluid-fueled rocket propulsion system for aero-
space vehicles comprising;

a thrust chamber,

a differential area piston slideable within said thrust

- chamber dividing said thrust chamber into a charg-
ing chamber and a combustion chamber,
propellant storage means,

delivery means for delivering propellant from said

- storage means to said charging chamber, ~
metering means for delivering propellant at a prede—
‘termined flow rate from said charging chamber to

- said combustion chamber and; |

means for initiating movement of said piston to drive

propellant from said charging chamber to sald
combustion chamber.

2. The propulsion system of claim 1 wherein:

said vehicle is spin-stabilized, and

said storage means are designed and situated so as to

enhance expulsion of fluid therefrom by centrifugal
force.

3. The propulsion system of claim 2 wherein:

said storage means is situated coaxially with the spin

axis of said vehicle.

4. The propulsion system of claim 1 wherein:

the surface area of said piston facing said combustion

chamber is approximately twice the area of said
piston facing said charging chamber.

5. The propulsion system of claim 1 wherein:

said delivery system includes means for pos1t1ve1y

expelling fluid from said storage means.

.- 6. The propulsion system of claim 1 wherein:
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said thrust chamber is formed with an interior cham-
ber and having a throat and nozzle communicating
said interior chamber with the exterior at one end
of said thrust chamber.

7. The propulsmn system of claim 6 wherein:

said piston is generally cup-shaped and is formed with
an outwardly projecting flange adjacent the rear
end thereof, and an abutment projecting inwardly
from the wall of said interior chamber and engage-
able by said flange to limit the forward movement
of said piston.

b

10

8. The propulsion system of c]alm 7 wherein said

~ means for initiating movement of said piston comprises:

a source of pressurized fluid,

an opening formed in the face of said abutment en-
gageable by said flange, |

135

conduit means connected to deliver pressurlzed fluld

from said source to said opening, and

control means actuable to permit said pressurized
fluid to flow through said conduit means to initiate
rearward movement of said piston.

9. A rocket engine comprising:

“a thrust chamber, _

a differential area piston slidable within said thrust
chamber dividing said thrust chamber into a charg-
ing chamber and a combustion chamber;
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6 _
~ means for initiating movement of said piston to drive
propellant from said charging chamber to said
combustion chamber. |

10. The propulsion system of claim 9 wherein the
surface area of said piston facing said combustion cham-
ber is approximately twice the area of said piston facing
sald charging chamber. -

11. The propuision system of claim 9 wherein said
thrust chamber is formed with an interior chamber and
having a throat and nozzle communicating said interior
chamber with the exterior at one end of said thrust
chamber. S |

12. The propulsion system of claim 9 wherein said
piston is generally cup-shaped and is formed with an
outwardly projecting flange adjacent the rear end
thereof, and an abutment projecting inwardly from the
wall of said interior chamber and engageable by said
flange to limit the forward movement of said piston.

13. The propulsion system of claim 9 wherein said
means for initiating movement of said piston comprises:

a source of pressunzed fluid; |

an opening formed in the face of said abutment en-

gageable by said flange;

- conduit means connected to deliver pressunzed ﬂuld |

from said source to said opening; and

.~ control means actuable to permit said pressurized

delivery means for delivering pmpellant from sald __

charging chamber to said combustion chamber at a

predetermined rate; and

30

fluid to flow through said conduit means to initiate

rearward movement of said piston.
* % *k %k %
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U NITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION '

PATENT NO. : 4,258,546
DATED : March 31, 1981
INVENTOR(S) : Harold S. Stratton

It is certified that error appears in the above-identified patent and that said Letiers Patent
are hereby corrected as shown beiow: .

Column 3, line 17, delete “"annular” and'iﬁsert --charging--;
line 19, delete “charging" and insert --annuiar--.

Signcd and Scaled this

Fourteenth D ay Of July 1981

[SEAL]
Attest:

GERALD J. MOSSINGHOFF

Attesting Officer Commissioner of Patents and Trademarks
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